Gel with sour cherries called "Fruzelina" is a new product in the Polish market widely used in food industry as a decorative element or filling for pastries, as an ingredient in fruit desserts, as an additive to ice creams, whipped cream and waffles. The cherry gels are the product prepared using different types of chemically modified starches. Starch is an additive used to ensure rich and short texture and high viscosity of "Fruzelina". Food texture and viscosity may be measured by senses and instrumentally. Because of fact that sensory analysis is time consuming and very costly, it is easier and cheaper to determine food properties, especially their texture and flow behaviour by appropriate mechanical tests.
INTRODUCTION
Gel with sour cherries called "Fruzelina" is a new product in the Polish market used as a decorative element or filling for pastries, as an ingredient in fruit desserts, as an additive to ice creams, whipped cream and waffles. "Fruzelina" is obtained from whole sour cherries in the amount of no less than 60% of total product weight, and of the starch gel containing natural fruit juice. Sucrose (20%), citric acid and potassium sorbate are the other ingredients in fruit gels. "Fruzelina" are preserved by pasteurization in cans. One of the most important attributes of semisolid food products, which is the main reason of consumer choice, is their texture and viscosity. Good rheological properties are achieved by addition of starch pastes. Chemically modified starches are often used in fruit fillings as texture improvers, thickening agents, replacers for pectin and hydrocolloids (Saijilata & Singhal, 2005). For many years, interest has been shown in correlations between texture measured by the senses and texture measured instrumentally (Hill et al., 1995). Unfortunately, sensory analysis is time consuming and very costly, therefore it is easier and cheaper to measure food quality, especially its texture and flow properties, by instrumental methods.
The aim of this work was to study the rheological behavior of five cherry gels prepared using different types of waxy maize and cassava modified starches (acetylated distarch adipates and hydroxypropylated distarch phosphates) and correlation between textural, flow and sensory properties of these gels measured instrumentally and by the sensory panel.
MATERIAL AND METHODS
Five "Fruzelina" with sour cherries were prepared according to the same recipe in Prospona Ltd Fruit and Vegetable Processing in Nowy Sącz, Poland. Gels were made by using different types of starch at the same concentration (5% d. m.) as following:
 product 1 (P1) contained waxy maize starch: C*Tex 06214 -acetylated distarch adipates (CargillCerestar in Bielany Wrocławskie, Poland),  product 2 (P2) contained waxy maize starch:
Thermflo -hydroxypropylated distarch phosphate,  product 3 (P3) contained waxy maize starch:
National 67-0021 -acetylated distarch adipates,  product 4 (P4) contained cassava starch: National Frigex HV -hydroxypropylated distarch phosphate,  product 5 (P5) contained cassava starch: Thickfloacetylated distarch adipates. Product P2, P3, P4 and P5 were supplied by National Starch & Chemical in Manchester, Great Britain.
The analysis of the gels involved determination of textural properties using back extrusion test. Textural properties were made using texturometer EZ Test (Schimadzu, Japan). 40 g of the gel samples (after cherry removal) were weighed in a cylindrical container having an inner diameter of 32 mm. The plunger consisted of a stainless steel rod having a diameter of 30 mm and height of 5 mm. The samples were tested at plunger speed 25 mm.min The flow properties were determined with a rotational rheometer Rheolab MC1 (Physica Meβtechnic GmbH, Germany) with a Z3 DIN concentric cylinders geometry (external diameter -27.12 mm, internal diameter -25.00 mm). Measurements were made at 25°C. The sample of gel (after cherry removal) was loaded in a gap between two cylinders and was allowed to equilibrate for 10 min. The software US 200 Data Manager (Physica Meβtechnic GmbH, Germany) was employed to obtain the rheological parameters. Flow curves were plotted according to following program: increasing rate of shear from 0 to 300 s -1 within 10 min. The shear stress of analyzed gels was measured as a function of shear rate. The sensory analysis of fruit gels were carried out by 13-person sensory panel trained according to Polish Standard (1998a Standard ( , 1998b Standard ( , 1996 . The five-point scale method (1-poor quality, 5-excellent quality) was used (Baryłko-Pikielna, 1975). Appearance, colour, taste, odour, and texture were evaluated by panelists. Appearance, colour, and texture were determined apparently for cherry and gel. The established coefficients of importance (c. i.) for the above attributes were the following: 0.1 (fruit appearance), 0.1 (gel appearance), 0.05 (fruit colour), 0.05 (gel colour), 0.1 (odour), 0.15 (fruit texture), 0.15 (gel texture), 0.3 (taste).
Statistical analysis was carried out using Microsoft Excel software. The one-way analysis of variance was used at p=0.05 (Fisher's test) to determine significant differences among cherry gels. At least duplicate measurements were made for each cherry gel samples.
RESULTS AND DISCUSSION
The results of back extrusion test are presented in Table  1 . Several parameters were calculated in the back extrusion test, such as work (calculated as area under peak), maximum and mean forces necessary to squeeze gel through the gap between container and rod. The type of used starch significant affected the values of work made by rod as well as maximum and mean forces of cherry gels. The highest values of these magnitudes exhibited product P2 thickened by adding waxy maize starchThermflo (238.54 N•mm, 9.17 N and 8.08 N respectively) . This gel had rich, thick and short texture. Slightly less thick texture showed gel P1 and P3. No statistically significant differences in texture parameters were found between Product P1 and P3 (also prepared by using waxy maize starches -C*Tex and National 67-0021). Only cherry gels made with using cassava starches (P4 and P5), exhibited almost twice lower values of work, maximum and mean forces measured instrumentally. Their texture was of long and loose types.
Rheological parameters fitted to Ostwald de Waele model are shown in Table 2 . The type of starch used to obtain thick texture and high viscosity had significant influence on the rheological parameters. All products were non-Newtonian fluids and had pseudoplastic behavior, which confirms the other observations concerning fruit fillings samples which means that the samples P4 and P5 tend to behave as a Newtonian fluid. On the basis of the results of sensory analysis (tab. 3) it was stated that the examined gels exhibited good quality. The total scores for all samples were above 3.98. The worst quality in 5-point scale of all the products was represented by P3 gel, mainly due to the lowest notes for its appearance and taste.
According to Hill et al. (1995) liquid and semisolid foods, e.g. weak gels, are relatively easy to evaluate by fundamental rheological methods. They stated that appropriate rheological parameters (such as steady shear viscosity or complex viscosity measured in oscillation) give good positive correlation with sensory thickness. Moreover they showed that there is interaction between other sensory parameters such as flavour (both taste and odour) and texture measured instrumentally. Intensity of perceived sweetness and flavour decreases as the thickness of the product increases. As would be expected in this paper there was a high positive correlation between texture and rheological parameters measured instrumentally and texture measured by sensory panel (coefficients of correlation were very high, R>0.96). Some of the examples are shown in fig. 1 
CONCLUSION
The back extrusion test has been found to be applicable to study the textural properties of cherry gels. There was high positive correlation between texture measured by senses and instrumentally. The relationship between apparent viscosity (determined as consistency coefficient K) and texture assessed by sensory panel was similar to the above. These results suggest that the texture of gels can be predicted instrumentally without using expensive and time consuming sensory analysis. It was found that values of sensory parameters such as taste and odour decreased as the rheological parameters increased. High negative correlations were observed in these cases.
